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(57) ABSTRACT 

A method of creating a user interface includes receiving a 
request to create a UI for an application that is to use a 
service. First metadata is retrieved from a UI taxonomy that 
is an abstraction of a class of UIs, the first metadata 
providing that the created UI is a member of the class. 
Second metadata that defines the service is retrieved. The 
method comprises creating the UI by merging the first and 
second metadata. A computer system includes executable 
instructions that constitute a service, and a UI taxonomy that 
is an abstraction of a class of UIs. The system includes a UI 
generation module configured to retrieve first metadata from 
the UI taxonomy and second metadata that defines the 
service. The UI generation module generates a UI for the 
application by merging the first and second metadata. 
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GENERATING USER INTERFACE USING 
METADATA 

TECHNICAL FIELD 

0001. The description relates to generating a user inter 
face by merging metadata. 

BACKGROUND 

0002 User interfaces are used in computer systems to 
manage the interaction between the user and the system. The 
user interface (UI) may inform the user of system status, 
visually represent data and other contents to the user, and aid 
the user in making an input to accomplish a desired result, 
to name a few examples. Such a UI may be company 
specific, so that a software product from one vendor has a UI 
that is noticeably different from that of another vendor. Thus, 
while Some generic functionalities or screen features may be 
more or less identical between the two systems, they may 
not appear so to the user because of the differences in the 
respective UIs. 
0003 For some software products, the customer can 
modify or replace a graphical user interface (GUI) to make 
it fit better with the implementation. For example, the 
customer may wish to alter the “look and feel of the GUI 
according to its company profile. For example, Adobe offers 
functionality to convert the GUI of Microsoft PowerPoint 
slides to an Adobe portable document format (PDF). How 
ever, this approach may be associated with some problems 
when considering the converted PDF in presentation mode. 
For example, texts may not show in the right size and 
spacing, and other GUI features may not work as intended. 
It may be necessary for a developer to analyze and modify 
the resulting GUI to correct this situation, which can cause 
additional costs and delay. The above is also an impediment 
against taking a similar approach in the area of enterprise 
resource planning (ERP) applications, where there number 
of participating vendors is very large. 
0004 Also, many software companies today regulate the 
creation of GUIs for their products, for example through 
guidelines or other rules or that apply to the GUI. The 
guidelines may stem from a desire to make the GUI user 
friendly, from a technical restriction in the implemented 
system, or from legislation that requires the GUI to be 
accessible to the visually impaired, to name a few examples. 
When altering or implementing such a GUI, it is therefore 
important that the guidelines or rules be taken into account 
such that they are not inadvertently violated. 

SUMMARY 

0005 The invention relates to using metadata in creating 
a UI. 

0006. In a first general aspect, a method of creating a user 
interface includes receiving a request to create a user inter 
face (UI) for an application that is to use a service. First 
metadata is retrieved from a UI taxonomy that is an abstrac 
tion of a class of UIs, the first metadata providing that the 
created UI is a member of the class. Second metadata that 
defines the service is retrieved. The method comprises 
creating the UI by merging the first and second metadata. 
0007 Implementations may include some or all of the 
following features. The service may include a web service 
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and a UI service. The UI service may define a look-and-feel 
aspect of the web service. The UI taxonomy may be con 
figured such that the class of UIs is consistent with a UI 
layout and a UI principle included in the UI taxonomy. At 
least one UI pattern and a UI topology may be included in 
the UI layout. The UI taxonomy may be configured such that 
the class of UIs is consistent also with a UI environment 
included in the UI taxonomy. When the service does not 
expose the second metadata, the method may further include 
creating the second metadata using the service, wherein the 
second metadata can be retrieved upon creation. The UI may 
be created to make the application a composite application 
for running on a first platform, wherein the UI taxonomy 
maps to UI objects for the first platform. The method may 
further include generating, in response to receiving a user 
input, another UI for use in running the application on a 
second platform. The other UI may be generated by retriev 
ing other metadata from another UI taxonomy that maps to 
UI objects for the second platform, and merging that other 
metadata with the second metadata that defines the service. 

0008. In a second general aspect, a computer system 
includes executable instructions that constitute a service 
configured for use by an application in the computer system. 
The system includes a UI taxonomy that is an abstraction of 
a class of UIs. The system includes a UI generation module 
configured to retrieve first metadata from the UI taxonomy 
and second metadata that defines the service. The UI gen 
eration module generates a UI for the application by merging 
the first and second metadata. 

0009 Implementations may include some or all of the 
following features. The system may further include (1) an 
enterprise services UI layer, a UI platform layer and a 
virtualization layer, and the UI generation module may 
retrieve the first and second metadata from the UI platform 
layer. The service may include a web service and a UI 
service. The UI service may define a look-and-feel aspect of 
the web service. The web service may be provided from a 
backend layer, and the computer system may further include 
an intermediate platform that implements the UI service for 
use by the application in a composite applications layer. 
Several web services may be provided from the backend 
layer, and the intermediate platform may include an inte 
gration platform that implements the UI service for the 
several web services. The system may further include a UI 
services creation component that, when the service does not 
expose the second metadata, creates the second metadata 
using the service, wherein the second metadata can be 
retrieved upon creation. The UI taxonomy may be config 
ured such that the class of UIs is consistent with a UI layout 
and a UI principle included in the UI taxonomy. The UI 
taxonomy may be further configured Such that the class of 
UIs is consistent also with a UI environment included in the 
UI taxonomy. 
0010 Advantages of the systems and techniques 
described herein may include any or all of the following: 
Providing a convenient generation of a UI based on avail 
able metadata; providing flexibility in creating composite 
applications; making possible a consolidation of application 
infrastructures to a single platform; and providing that 
essentially any pre-existing UI can be run from a service 
based application platform. 
0011. The details of one or more embodiments of the 
invention are set forth in the accompanying drawings and 
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the description below. Other features, objects, and advan 
tages of the invention will be apparent from the description 
and drawings, and from the claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0012 FIG. 1 shows a block diagram of a system that 
generates a UI using metadata from a taxonomy and meta 
data that defines a service; 
0013 FIG. 2 shows an exemplary architecture that 
includes a web service and a UI service; 
0014 FIGS. 3A-C show an example of generating a UI 
using metadata; 
0.015 FIG. 4 is an example of layers that may be included 
in an implementation; 
0016 FIG. 5 is another example of layers that may be 
included in an implementation; 
0017 FIG. 6 shows an example of a UI engine and layers 
of an implementation; 
0018 FIG. 7 shows an example of an engine catalogue 
containing a UI taxonomy; 
0.019 FIG. 8 shows a design time example of interaction 
between a repository of metadata and an enterprise services 
infrastructure; 
0020 FIG. 9 shows a runtime example of interaction 
between a repository of metadata and an enterprise services 
infrastructure; 
0021 FIG. 10 is a block diagram of a general computer 
system. 

0022. Like reference numerals in the various drawings 
indicate like elements. 

DETAILED DESCRIPTION 

0023 FIG. 1 shows a block diagram of a system 100 that 
can generate a UI using metadata. The system 100 includes 
metadata 102 that represents a UI taxonomy, and metadata 
104 defining a service that is available in the system. The 
system includes a UI generation module 106 that retrieves 
the metadata 102 and the metadata 104. The UI generation 
module then creates the UI by merging the metadata 102 and 
the metadata 104. 

0024. The UI taxonomy represented by the metadata 102 
is an abstraction of a class of UIs. The UI taxonomy may be 
created as a hierarchical organization of class-defining meta 
data, for example the UI layout that is to be used and the UI 
environment in which the UI is to be used. The metadata 102 
provides that the UI to be created will be a member of the 
UI class associated with the UI taxonomy. The metadata 102 
may be organized in a structure called a UI engine catalogue 
108, which contains metadata and other information for use 
by a UI engine. For example, the UI generation module 106 
can be included in a UI engine that includes the catalogue 
108. 

0.025 The service that the metadata 104 defines is one 
that has been predefined in the system to be available for use 
in implementations. For example, the service may be defined 
in the system backend and exposed from there to one or 
more applications. Many types of services may be used, for 
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example in an enterprise services environment. The services 
may include an email message function, or one or more 
operations for generating an employee leave request or a 
new sales order document, to name just a few examples. The 
metadata 104 may be accessible using a component called a 
virtual repository 110. The virtual repository 110 provides 
metadata that defines particular services in terms of their 
look and feel. In other words, the metadata defining the 
available service can be retrieved to learn how one should 
implement and use the service. 
0026. An additional advantage of creating and storing 
such metadata may be obtained if there is a widespread 
agreement among software vendors as to what the look and 
feel aspects should be. For example, the vendors may agree 
on a standard, or otherwise adopt an essentially common 
practice, as to how services are to be implemented in a 
computer backend and how they are made available for use. 
In Such a situation, the metadata for any given service can 
be used in flexibly generating a UI that implements that 
service. As a particular example, the UI generation module 
106 can retrieve the metadata for the selected service, which 
here is assumed to have format and contents that comply 
with a standard, and also retrieve the UI taxonomy metadata 
which defines the parameters applicable to the UI to be 
created. By merging these respective metadata, the UI 
generation module can generate a UI that is a member of the 
UI class associated with the UI taxonomy and that operates 
with the service defined by the service metadata. 
0027 FIG. 2 shows an architecture 200 in which a UI 
created by retrieving and merging metadata is used to make 
one or more services available to a user. The architecture 200 
includes a backend portion 202 that can include components 
from one or more vendors. Here, for example, the backend 
portion includes a Microsoft.net component 204A, an IBM 
WebSphere component 204B, a PeopleSoft component 
204C and a Siebel component 204D. Each of these compo 
nents is configured to serve a specific purpose in the system, 
for example an ERP function. 
0028 Particularly, each of the components 204 may be 
configured to expose certain business logic as a web service 
206. The web service depends on the backend logic it is 
associated with, and different web services may therefore be 
exposed by the different backend components. Accordingly, 
the Microsoft net component 204A may be configured to 
provide a first web service 206A, the IBM WebSphere 
component 204B may provide a second web service 206B, 
the PeopleSoft component 204C may provide a third web 
service 206CA, and the Siebel component 204D may pro 
vide a fourth web service 206.D. Any or all of the backend 
components may provide more than one web service. 
0029. The web services provided by different vendors 
may adhere to a common format such that they can be 
universally and flexibly used. For example, this can be 
accomplished if some or all large enterprise Software ven 
dors create and adopt a standard that defines the look-and 
feel of a web service. That is, the standard should define how 
web services work and how others should be able to use 
them. Such a definition establishes the metadata that should 
be used when interacting with a web service. For any given 
web service the metadata can be stored (e.g., using the 
virtual repository 110), and by retrieving that metadata one 
can gain the information needed to flexibly and conveniently 
define a UI for the underlying backend component. 
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0030 The architecture 200 includes an integration plat 
form 208 that provides an integrated view on some or all 
functionality provided by the backend components 204. For 
example, the integration platform groups the web services 
206 from the underlying components. Particularly, the inte 
gration platform provides a UI service 210 that is associated 
with a specific web service. The UI service contains meta 
data that is necessary for interacting with that web service. 
The UI service may also contain optional U metadata for the 
web service. As such, the UI service defines a look and feel 
of that particular web service. 
0031) The architecture 200 includes a platform 212 that 
makes one or more of the UI services 210 available for use 
in composite applications 214. For example, the platform 
212 may include the NetWeaver platform that is available 
from SAP AG, enhanced with a UI engine that can manage 
the relevant metadata. The composite applications 214, in 
turn, may include pre-existing ERP functions operable 
through a UI of the customer's choice, as will be described 
below. 

0032. The virtual repository 110 may be the place where 
the metadata for the one or more available web services is 
held. The UI taxonomy metadata 102 may be accessible in 
the UI engine catalogue 108 and can include information 
about the layout to be used in the UI, the principles that 
should be applied, the environment in which the UI is 
implemented, and the style of the UI, to name a few 
examples. These types of metadata can be used in creating 
a UI for one or more of the composite applications 214; that 
is, an application where backend functionality is provided 
using a pre-existing UI that may not originally have been 
associated with the backend component. Particularly, the 
new UI can be created by merging the UI service metadata 
and the UI taxonomy metadata. The procedure of accessing 
the bodies of metadata and merging them will sometimes be 
referred to as “virtualization'. The virtual repository may be 
based on an open architecture to provide communication 
with any integrated development environment (IDE) or 
development tool for modeling and creating composite 
applications. 

0033 For example, assume that a customer has a cus 
tomer relationship management (CRM) system from Siebel, 
but likes to run the UI of the sales order for its mobile 
workforce on the SAP NetWeaver platform. The customer's 
incentive in doing so may be to lower the total cost of 
ownership on the UI runtimes (platforms) that the customer 
Supports. 

0034 Siebels sales order is accessible as a web service 
in this example. The corresponding UI service would rep 
resent the UI metadata of that particular web service. If the 
UI metadata for the web service is not available, then the UI 
service can be modeled using a service builder to be 
described below. The virtual repository contains the meta 
data of the UI services (or can point to the appropriate 
platform where the UI service builder can retrieve this 
metadata). 
0035. The UI services metadata from the virtual reposi 
tory will be considered in creating the composite application 
for the sales order. This is done by the UI generation module 
106, which may be implemented in an IDE such as the 
NetWeaver Development Studio. Because the customer here 
wants the sales order to be available for its mobile work 
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force, there will be selected a UI taxonomy for mobile 
solutions, namely one that corresponds to the SAP Mobile 
Workforce solution. As such, the Siebel CRM application in 
this example becomes a backend system, and the customer 
only needs the NetWeaver platform for UI virtualization of 
its mobile scenario of a sales order. 

0036 FIGS. 3A-C show an example of creating a UI 
using metadata. Here, the user wants to view the UI of 
presentations from software vendors (such as Microsoft 
Corp.) on the Adobe Acrobat Reader platform. Particularly, 
the user wants to implement the Adobe UI for the Power 
Point application available from Microsoft. FIG. 3A shows 
taxonomy metadata 300 that is part of the UI taxonomy for 
a particular implementation of a PowerPoint slide. The 
entire metadata for the PowerPoint slide defines the UI in 
terms of the aspects of its layout, applicable principles and 
relevant environment. Those aspects that are directly visible 
in this example will now be described. The metadata 300 
defines an image 302 on the left side with a slide header 304 
above it. On the right side are three subject lines 306A-C. 
There is also a concluding statement 308, in the shape of a 
moving animation: an arrow that slides in from left to right. 
Each of the subject lines 306 has a text 310 associated with 
it; the concluding statement 308 has a corresponding text 
312. Thus, these aspects of the UI are defined by the 
metadata 300. All taxonomy metadata will be used in the 
virtualization. 

0037 FIG. 3B shows service metadata 320 representing 
the UI service that holds the actual UI metadata of our slide. 
In this case, the metadata holds the texts for the slide at issue 
and the place for retrieving the image. Here, the metadata 
320 includes: text 322 for the slide header 304; texts 324A-C 
for the subject lines 306A-C, respectively; and a text 328 for 
the concluding statement 310 and a text 330 for the conclu 
sion text 312. An address 332 in the metadata 320 identifies 
where to obtain the image. The information in the taxonomy 
metadata 300 and the service metadata 320 will be used to 
regenerate the slide to be presentable and viewable on 
Adobe Reader. 

0038 Based on the UI taxonomy metadata and the web 
services metadata having been defined and gathered, the 
following procedure may be performed to design the UI. The 
particular service has been selected and associated with the 
taxonomy that is to be used. A new UI layout is created in 
the corresponding taxonomy, having the necessary UI pat 
terns. In this example, a pattern for a slide show presentation 
may be used; in other implementations, a text edit pattern 
may be used, for example. The web service may be associ 
ated with data types identified using web service definition 
language (WSDL). These WSDL data types are imported 
into the UI layout. The UI topology for the layout is modeled 
using a program Such as Visual Composer. The topology 
may define the slide configuration shown in FIG. 3A, or it 
can define five navigable screens, to name just two 
examples. 

0039 The following is an example of implementing the 
UI to use the selected web service. The implementer beings 
the development project using an IDE of the developer's 
choice. The developer builds a composite application where 
one of the integrated services is the selected web service 
(such as the slide show or an email service). The metadata 
is received from the UI taxonomy, for example in form of 
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existing UI building blocks. The UI elements and patterns 
are bound appropriately to the relevant UI contexts and with 
relevant properties. If any additional front-end logic is to be 
used, or ad-hoc enhancements are to be made, they may be 
coded at this point. 
0040. During development of the UI according to the 
above description of FIGS. 3A and 3B, a designer may 
Suggest the Adobe Screen elements that are to be used, and 
these elements are provided for the virtualization. The 
elements of the PowerPoint UI are then mapped to a generic 
format defined by the UI taxonomy, and from there to the 
Adobe elements. The taxonomy may also define a pattern for 
the UI, and the elements to be used are then associated with 
that pattern for use in the resulting UI. The UI services that 
are defined by the services metadata give the developer an 
understanding of mandatory and optional features of the web 
service. From this is created an executable that can be 
deployed in an Adobe runtime. 
0041 FIG. 3C shows a UI 340 that is generated by 
merging UI taxonomy metadata, including the metadata 300, 
with services metadata, including the metadata 320. The UI 
340 includes a header 342 as defined by the respective 
bodies of metadata. There are subject lines 344A-C with 
corresponding texts 346A-C. A concluding statement 348 
has a corresponding text 350. An image 352 is located as 
specified by the definition and the concluding statement 348 
and its text are enclosed within a sliding arrow. 
0042 FIG. 4 shows a hierarchy 1400 that can be imple 
mented in a system to provide the above-described and other 
functions. A bottom of the hierarchy 1400 includes an 
enterprise services UI layer 1402. This may include com 
ponents from one or more vendors, for example any or all of 
the components 204 shown in FIG. 2. These components 
expose business logic as web services, for example as 
described above. The hierarchy 1400 includes a virtualiza 
tion layer 1404 on top of the enterprise services UI layer in 
which the web services are virtualized. For example, the 
virtualization layer may group the available web services 
and merge the relevant bodies of metadata. 
0043. The hierarchy includes a UI platform layer 1406 
that provides the UI taxonomy metadata, among other 
functions. Particularly, the UI platform layer here includes a 
UI engine 112 that can be used in generating and modifying 
the UI, and in managing other aspects of UI development, 
maintenance and use. The UI engine includes an engine 
catalogue 604 and engine services 608. Here, the engine 
catalogue 604 includes the UI taxonomy metadata 102 while 
the virtual repository is shown as part of the engine services 
608. Thus, the engine catalogue 604 may be a storage place 
for relevant UI taxonomy metadata and the virtual repository 
may be a module that actively provides access to it and 
manages its contents. 
0044) Thus, using the virtual repository the UI engine can 
retrieve and merge the relevant metadata for generating a UI 
for a composite application. Having done that, the UI virtual 
repository can call the same composite application and 
instead run it on a different user platform (such as a Smart 
client, a browser, or a desktop environment). Based on the 
UI taxonomy, the virtual repository dispatches the call to the 
appropriate NetWeaver runtime for rendering the composite 
application. The virtual repository performs the virtualiza 
tion; that is, it considers and merges the metadata of the UI 
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taxonomy with the metadata of the UI services used in the 
composite application. This may allow a customer sales 
person to access a sales order composite application on a 
Smart Phone, to name one example. 
0045. The virtual repository holds the metadata of the UI 
services so that they can be used in virtualization. When a 
web service exposes its particular metadata, the metadata 
can be retrieved therefrom and placed in the virtual reposi 
tory. This is likely a common situation in the scenario where 
the web services are provided according to a format that is 
standardized among many or all market participants. There 
may, however, exist web services for which the metadata is 
not so exposed, yet it is desirable to have the ability to 
include them in the virtualization. 

0046 For such situations, the virtual repository may be 
provided with a UI service builder 1408 that can create the 
UI metadata for any web services that do not expose it. That 
is, the virtual repository may first determine that a particular 
web service does not expose the relevant metadata for 
virtualization. The UI services builder 1408 can then access 
the web service, perform tests as necessary and retrieve the 
relevant information about the specific web service. 
0047 For example, using Eclipse or similar tools an 
independent Software vendor or customer can design a UI 
representation behind a specific web service. This UI meta 
data can be stored in Such a virtual repository. 
0.048. The following is an example of three development 
phases that a particular vendor or organization may go 
though in the implementation and use of a virtual repository. 
For consistency, that entity is chosen to be SAP AG in the 
following. During the first phase, SAP may expand the reach 
of UI taxonomies with non-SAP UI solutions from third 
party vendors. The set of UI objects can be delivered as 
partner-developed UI solutions to serve as templates and 
best practices when developing non-SAP UI solutions. One 
example of this is that if a customer or partner has a 
prevailing technical skill set with a Microsoft IDE and 
run-time, then the new taxonomy for the Microsoft UI 
assures that user requirements are applied and that standards 
are followed when developing applications under the 
Microsoft platform. 

0049 Essentially, SAP can extend to customers and part 
ners the benefits of applying process automation to non-SAP 
UIs, such as compliance with usability standards. At the 
same time, SAP would be able to define UI taxonomies of 
non-SAP Solutions and can leverage this as an added flex 
ibility. For example, SAP can analyze UIs and register the 
layouts, principles, environments and styles that define 
them. The second phase may be geared toward establishing 
a common understanding of the look-and-feel of a web 
service. For example, SAP and other software vendors can 
agree on the terms of a new standard for defining a web 
service; in other words, develop a UI service, as the term is 
used here. This will allow any vendor to build a UI for an 
SAP or a non-SAP application in any development environ 
ment. 

0050. The third and last phase in this example also 
illustrates a possible goal of using the virtual repository: to 
virtually federate cross-vendor UI scenarios all under one UI 
run-time platform. Offering access to the third-party UI 
taxonomies and UI services can provide enough standard 
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based information about the non-SAP UI scenarios that they 
can independently be run on a single platform. For SAP, this 
could mean the ability to run all UIs of SAP and non-SAP 
applications from an application platform Such as 
NetWeaver that is based on the SAP Enterprise Services 
Architecture (ESA) or the Service-Oriented Environment 
(SOE). The result is that SAP and non-SAP UI content can 
be better assembled, virtually visualized, adapted and 
searched. Consolidation of application infrastructures to a 
single platform becomes possible. 

0051 FIG. 5 shows an example of a layer architecture 
500 that uses web services. Here, the layer architecture 500 
includes a usability layer 502, an ESA layer 504 and a 
business layer 506. The usability layer 502 relates to any 
thing that the user sees and actively works with in the 
system. The business layer 506 relates to the underlying 
models and Software that handles the business data and can 
perform a variety of operations. The ESA layer 504 relates 
to one or more services that are provided to users through the 
usability layer 502, the services using one or more of the 
operations in the business layer 506. 

0.052 The business layer 506 includes back-end logic 508 
that may be represented by common applications addressing 
business requirements, such as a CRM application or 
another ERP application. For example, the back-end logic 
508 may include a core business application engine 509 
providing the application(s). The business layer 506 also 
includes a back-end design 510 where at least one core 
application service 512 is modeled; for example, a service 
for creating a sales order. The ESA layer (or a SOA layer) 
may in turn make the at least one core application service 
512 available as a standard-based, platform-independent 
web service 513, meaning that it can be accessed from the 
usability layer using web technology. Here, the ESA layer 
provides several web services 513. 

0053) The usability layer 502 includes front-end logic 
514 that is represented by at least one visual application 516 
that when appropriate consumes the web service(s) exposed 
by the ESA layer. The UI engine 112 (see also FIG. 4) is part 
of a front-end design 518 of the usability layer in which 
usability requirements are addressed. The UI engine 112 is 
configured to provide the visual application 516 with the 
necessary service(s) derived from the usability layer as well 
as any UI requirements imposed from the business or ESA 
layer. FIG. 5 may be considered an “outside view of the 
exemplary UI engine 112. 

0054) The taxonomy 102 (see FIG. 1) is to be provided 
with metadata that makes it an abstraction of a class of UIs, 
as has been mentioned. Such metadata can include, among 
other features, a UI requirement that is to be taken into 
account when implementing the UI. The UI requirement 
metadata can be flexibly captured by any of several 
approaches. For example, the UI requirement may be 
received through a top-down approach 520 from the usabil 
ity layer 502 toward the ESA layer 504, or through a 
bottom-up approach 522 from the ESA layer 504 toward the 
usability layer 502. In the top-down approach 520, the UI 
requirement may result from interviewing end-users, creat 
ing persona descriptions or delivering role specifications. In 
the bottom-up approach 522, the UI requirement may origi 
nate in a restriction that exists at a technical level. The UI 
engine 112 allows an infrastructure developer to define 
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requirements of existing and new UI elements, patterns, or 
at least one web service, to name a few examples. 
0.055 FIG. 6 shows an exemplary architecture for the UI 
engine 112 made out of three parts: engine components 602, 
the engine catalogue 604 and the engine services 608 that 
were described with reference to FIG. 4. The architecture of 
the UI engine 112 is shown between the usability layer 502 
and the ESA layer 504. 
0056. Users in the system—such as UI designers, infra 
structure developers, application developers and end-us 
ers—can interact with any or all of the engine components 
602 in a design environment or in a runtime environment, or 
both. Particularly, they can interact with a design-time 
component 114 or with a run-time component 116. The 
design-time component 114 can be used in generating UI 
objects and for developing UI prototypes, for example. The 
run-time component 116 can provide information about UI 
requirements or UI objects. 

0057 The engine catalogue 604 here contains a require 
ments metadata portion 1000 that includes all the metadata 
derived from the UI requirements. The engine catalogue 604 
includes a UI objects and prototypes portion 1002. For 
example, this portion is for the UI objects and UI prototypes 
generated with the design-time component 114. In various 
embodiments, the engine catalogue also includes a UI rela 
tionships and attributes portion 1004 that includes relation 
ships and attributes used by either or both of the design-time 
component 114 and the run-time component 116. 
0058. The engine services 608 are generic services used 
inside or outside the engine. For example, the engine ser 
vices may be used in communicating UI rules and concepts 
to a development tool such as Adobe Designer. This allows 
the UI engine 112 to work with products of other software 
vendors to support the development of UIs on third-party 
platforms. The engine services 608 includes an IDE/plat 
form agnostics portion 1006 that allows the engine 112 to 
interact with different IDEs or with different platforms. For 
example, the portion 1006 may provide that the engine 112 
interacts with different GUI builders, editors and compilers, 
to name just a few examples. A change management portion 
1008 may manage changes in the UI engine 112. For 
example, the changes may relate to the UI objects or the UI 
prototypes. 

0059. The engine services 608 includes an intelligence 
foundation 1010 that may be a technical component built to 
provide adaptive UI personalization, manage end-user per 
formance metrics, and maintain UI history. In some imple 
mentations, the intelligence foundation 1010 provides or 
interacts with a UI agent Software providing a context 
aware, affinity-enabled UI that anticipates user needs and 
assists with goals. The engine services 608 may further 
include the virtual repository 110. As noted above, the 
virtual repository may comprise a module that provides 
access to, and manipulation of metadata to be used in 
virtualization. 

0060 FIG. 7 shows an example of the engine catalogue 
604 that can be used in any or all of the system 100, the 
hierarchy 1400, the UI engine 112 and the architecture 500. 
The engine catalogue 604 includes a taxonomy 400 that is a 
classification scheme of information components (for 
example, terms, concepts, graphics, Sounds, etc.) and their 
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interrelationships. For example, the UI taxonomy metadata 
110 can be included in the taxonomy 400. The taxonomy 400 
is a hierarchical classification of UI objects and their inter 
relationships that supports the user in identifying the UI of 
an application and its features. Here, the taxonomy 400 is 
hierarchically arranged according to an abstraction level 402 
that ranges from very high to low. The taxonomy 400 
represents a very high abstraction level of UI objects and it 
groups together possible Layouts, Principles, Environments 
and Styles allowed in a UI. 

0061 The UI taxonomy 400 holds the metadata that is to 
be used in virtualization. It can also otherwise help UI 
designers and infrastructure developers in their work by 
providing a placeholder for the metadata arriving from 
usability or technical UI requirements and standards. Fur 
thermore, the taxonomy 400 can improve consistency and 
Support innovations by application developers while imple 
menting the UI. The UI taxonomy 400 can also provide 
on-demand help for end-users who have problems under 
standing the navigation, content or functions of an applica 
tion. 

0062. At the high level of UI abstraction, the taxonomy 
400 includes one or more of: a UI layout 404, a UI principle 
406, a UI environment 408 and a UI style 410. The UI layout 
404 can include a definition of any layout to be used in a UI, 
for example that used in the FIG. 3 example above. The UI 
principle 406 can include the mandatory or recommended 
guidelines that should apply to the UI. The UI environment 
408 can define any environment in which the UI is to be 
used, such as the Enterprise Portal used in products available 
from SAP AG. The UI style 410 can define any style to be 
applied to the UI, for example in terms of its font type and 
size. Each of the UI layout, the UI principle, the UI 
environment and the UI style can characterize the UI tax 
onomy and contribute to a definition of a UI class that can 
be created with the taxonomy. When at least a UI layout and 
a UI principle are included, the UI taxonomy is an abstrac 
tion of a class of UIs that are consistent with the UI layout 
and the UI principle. 

0063 Each layout 404 can include one or more UI 
patterns 412 and one or more UI topologies 414. The UI 
patterns and UI topologies are at a medium level of UI 
abstraction. A UI pattern is an archetype used to perform a 
task common to a number of applications. A UI topology 
represents the layout navigation, capturing the possible 
event-loop of screens/steps/clicks that can be used. Each UI 
pattern and UI topology can involve one or more UI ele 
ments 416, which are situated at a low level of UI abstraction 
in the taxonomy 400. The UI elements 416 are a low 
abstraction level of UI objects that are representative of the 
basic controls available in a UI. 

0064. At the medium abstraction level, the UI principle 
406 can have one or more UI concepts 418 and one or more 
UI rules 420. The UI concepts 418 may include UI guide 
lines that are recommended but not mandatory. The UI rules 
420, in contrast, may include those provisions that must be 
followed in the UI. Each UI concept and UI rule can apply 
to one or more of the UI elements 416. 

0065. The UI environment 408 can include one or more 
UI services 422 at the medium level of UI abstraction. The 
UI service is a platform function that makes up part of the 
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run-time environment where taxonomies can work properly. 
Each UI service can involve one or more of the UI elements 
416. 

0066. The UI style 410 can include one or more UI sheets 
424 at the medium level of UI abstraction. Sheets are the 
color/fonts/generic features for the delivered UI. Each UI 
sheet applies to one or more of the UI elements 416. 
0067. The UI taxonomy 400 may be distilled from the 
standards and requirements of the usability, business and 
technical layers of enterprise software as an abstract repre 
sentation of a class of UIs that are consistent therewith. UI 
taxonomies can create order in the unstructured world of UI 
design. UI taxonomies can facilitate a decoupling of front 
end design from front-end logic and provide transparency 
and accountability between the tasks of UI designers and 
developers. UI taxonomies can also provide automated 
functions to account for and communicate guidelines to all 
development participants. 
0068 More than one UI taxonomy can be referenced in 
a Software application program. In products from SAP AG, 
separate UI taxonomies may be implemented for Self 
Services, Accessibility, Reporting, Mobile, and other appli 
cations. Priorities can be applied, for example by weighting 
the objects of UI taxonomies. For example, the UI taxonomy 
for Accessibility may be given the highest priority in any 
standard enterprise application, and its UI rules and concepts 
may then take precedence over others. 
0069. The UI patterns, services and elements are some 
times considered a UI vocabulary in the system. As such, 
they may map to corresponding, platform-specific objects. 
One example is to map one of the UI patterns to the 
Microsoft Archetype and to the SAP Web Dynpro Pattern. 
Another example is mapping one of the UI services to the 
IBM WebSphere Service and to the SAP J2EE Service. Yet 
another example is to map one of the UI elements to the 
Adobe Designer Object and to SAP NetWeaver Control. 
This would indicate, for example, that an Adobe Table 
Object is the same as an SAP NetWeaver Table Control and 
they all map to the same table-oriented UI element. This 
way, UI taxonomies can be generated for third-party UIs that 
account for their platform-specific needs and requirements. 
0070 FIG. 8 shows an example of design time interaction 
between a repository of metadata and an enterprise services 
infrastructure. Particularly, the UI engine 112 is shown as 
being capable of interacting with any or all of several design 
times 800. A first design time is the SAP ESA/SOA design 
time 800A. The design time 800A includes development 
tools 802 that may be included in the ABAP Workbench, 
Developer Studio or Visual Composer. This includes UI 
tools among other types of tools. The development tools are 
associated with a metadata unit 804 that includes UI Meta 
data, Service Adaptation Metadata and Service Consumer 
Metadata. Thus, the storage 804 manages the UI metadata 
that can be used in virtualization. As such, the storage 804 
interacts with an SAP Frontend Server 806 that includes a UI 
Service Consumer Interface that interacts with a Generic 
Core Service Consumer Proxy through a Core Service 
Adaptation. The UI engine 112 interacts with the develop 
ment tools 802 and through them indirectly with the unit 
804. 

0.071) The SAP design time 800A also includes an Enter 
prise Services (ES) Builder that interacts with an ES Reposi 
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tory 810. The repository includes business objects, inter 
faces, data types and data models, to name a few examples. 
The UI engine 112 interacts with the ES repository. 

0072 The SAP design time 800A also includes a first 
SAP Web Application Server 812A which corresponds to the 
application consumer side. The Server 812A includes an 
Application and an Application Service Consumer Proxy 
which is generated using the development tools 802, and can 
interact with a Service Consumer Metadata 812B. 

0073. The SAP design time 800A also includes a second 
SAP Web Application Server 814A which corresponds to the 
application provider side. The Server 814A includes an 
Application, and also a Core Service, a Core Service Con 
Sumer Proxy and a Compound Service that are all generated 
using the development tools 802. The Server 814A can 
interact with a Service Provider Metadata 814B. 

0074 The above outlines some functions within the SAP 
design time 800A and the interactions that the UI engine 
112, including any of its components 602, catalogue 604 and 
services 608 can have therewith. Similar interactions may 
take place between the UI engine 112 and a second design 
time 800B associated with IBM Corp. or a third design time 
800C associated with Microsoft Corp. For example, each of 
the design times 800B and C may have components corre 
sponding to those described above and that perform similar 
functions. 

0075 FIG.9 shows an example of interaction at runtime 
between a repository of metadata and an enterprise services 
infrastructure. Here, the UI engine 112 interacts with a 
runtime 900 that is the SAP ESA/SOA Runtime. Particu 
larly, the UI engine interacts with a metadata unit 902, a first 
SAP Web Application Server 904 for the application con 
Sumer side, and a second SAP Web Application Server 906 
for the application provider side. The consumer-side Server 
904 and the provider-side Server 906 can interact directly 
with each other or through an SAP Exchange Infrastructure 
(XI) Integration Server 914. The consumer-side Server 904 
can also interact with a Non-SAP Web Service Provider 910, 
and the provider-side Server 906 can also interact with a 
Non-SAP Web Service Consumer 912. The metadata unit 
902 interacts with an SAP Frontend Server 908 which also 
can interact with the UI engine 112. 
0.076 FIG. 10 is a block diagram of a computer system 
700 that can be used in the operations described above, for 
example in the system 100. The system 700 includes a 
processor 710, a memory 720, a storage device 730 and an 
input/output device 740. Each of the components 710, 720, 
730 and 740 are interconnected using a system bus 750. The 
processor 710 is capable of processing instructions for 
execution within the system 700. In one embodiment, the 
processor 710 is a single-threaded processor. In another 
embodiment, the processor 710 is a multi-threaded proces 
sor. The processor 710 is capable of processing instructions 
stored in the memory 720 or on the storage device 730 to 
display graphical information for a user interface on the 
input/output device 740. 

0077. The memory 720 stores information within the 
system 700. In one embodiment, the memory 720 is a 
computer-readable medium. In one embodiment, the 
memory 720 is a volatile memory unit. In another embodi 
ment, the memory 720 is a non-volatile memory unit. 
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0078. The storage device 730 is capable of providing 
mass storage for the system 700. In one embodiment, the 
storage device 730 is a computer-readable medium. In 
various different embodiments, the storage device 730 may 
be a floppy disk device, a hard disk device, an optical disk 
device, or a tape device. 
0079. The input/output device 740 provides input/output 
operations for the system 700. In one embodiment, the 
input/output device 740 includes a keyboard and/or pointing 
device. In one embodiment, the input/output device 740 
includes a display unit for displaying graphical user inter 
faces. For example, the input/output device can generate any 
or all GUIs described herein. 

0080. The invention can be implemented in digital elec 
tronic circuitry, or in computer hardware, firmware, Soft 
ware, or in combinations of them. Apparatus of the invention 
can be implemented in a computer program product tangibly 
embodied in an information carrier, e.g., in a machine 
readable storage device or in a propagated signal, for execu 
tion by a programmable processor, and method steps of the 
invention can be performed by a programmable processor 
executing a program of instructions to perform functions of 
the invention by operating on input data and generating 
output. The invention can be implemented advantageously 
in one or more computer programs that are executable on a 
programmable system including at least one programmable 
processor coupled to receive data and instructions from, and 
to transmit data and instructions to, a data storage System, at 
least one input device, and at least one output device. A 
computer program is a set of instructions that can be used, 
directly or indirectly, in a computer to perform a certain 
activity or bring about a certain result. A computer program 
can be written in any form of programming language, 
including compiled or interpreted languages, and it can be 
deployed in any form, including as a stand-alone program or 
as a module, component, Subroutine, or other unit Suitable 
for use in a computing environment. 

0081 Suitable processors for the execution of a program 
of instructions include, by way of example, both general and 
special purpose microprocessors, and the Sole processor or 
one of multiple processors of any kind of computer. Gen 
erally, a processor will receive instructions and data from a 
read-only memory or a random access memory or both. The 
essential elements of a computer are a processor for execut 
ing instructions and one or more memories for storing 
instructions and data. Generally, a computer will also 
include, or be operatively coupled to communicate with, one 
or more mass storage devices for storing data files; Such 
devices include magnetic disks, such as internal hard disks 
and removable disks; magneto-optical disks; and optical 
disks. Storage devices Suitable for tangibly embodying 
computer program instructions and data include all forms of 
non-volatile memory, including by way of example semi 
conductor memory devices, such as EPROM, EEPROM, 
and flash memory devices; magnetic disks Such as internal 
hard disks and removable disks; magneto-optical disks; and 
CD-ROM and DVD-ROM disks. The processor and the 
memory can be supplemented by, or incorporated in, ASICs 
(application-specific integrated circuits). 

0082 To provide for interaction with a user, the invention 
can be implemented on a computer having a display device 
such as a CRT (cathode ray tube) or LCD (liquid crystal 
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display) monitor for displaying information to the user and 
a keyboard and a pointing device Such as a mouse or a 
trackball by which the user can provide input to the com 
puter. 

0083. The invention can be implemented in a computer 
system that includes a back-end component, such as a data 
server, or that includes a middleware component, Such as an 
application server or an Internet server, or that includes a 
front-end component, such as a client computer having a 
graphical user interface or an Internet browser, or any 
combination of them. The components of the system can be 
connected by any form or medium of digital data commu 
nication Such as a communication network. Examples of 
communication networks include, e.g., a LAN, a WAN, and 
the computers and networks forming the Internet. 
0084. The computer system can include clients and serv 
ers. A client and server are generally remote from each other 
and typically interact through a network, Such as the 
described one. The relationship of client and server arises by 
virtue of computer programs running on the respective 
computers and having a client-server relationship to each 
other. 

0085. A number of embodiments of the invention have 
been described. Nevertheless, it will be understood that 
various modifications may be made without departing from 
the spirit and scope of the invention. Accordingly, other 
embodiments are within the scope of the following claims. 
What is claimed is: 

1. A method of creating a user interface, the method 
comprising: 

receiving a request to create a user interface (UI) for an 
application that is to use a service; 

retrieving first metadata from a UI taxonomy that is an 
abstraction of a class of UIs, the first metadata provid 
ing that the created UI is a member of the class; 

retrieving second metadata that defines the service; and 
creating the UI by merging the first and second metadata. 
2. The method of claim 1, wherein the service is com 

prised of a web service and a UI service. 
3. The method of claim 2, wherein the UI service defines 

a look-and-feel aspect of the web service. 
4. The method of claim 1, wherein the UI taxonomy is 

configured such that the class of UIs is consistent with a UI 
layout and a UI principle included in the UI taxonomy. 

5. The method of claim 4, wherein at least one UI pattern 
and a UI topology are included in the UI layout. 

6. The method of claim 4, wherein the UI taxonomy is 
further configured such that the class of UIs is consistent 
also with a UI environment included in the UI taxonomy. 

7. The method of claim 1, wherein the service does not 
expose the second metadata, further comprising creating the 
second metadata using the service, wherein the second 
metadata can be retrieved upon creation. 

8. The method of claim 1, wherein the UI is created to 
make the application a composite application for running on 
a first platform, wherein the UI taxonomy maps to UI objects 
for the first platform. 

9. The method of claim 8, further comprising generating, 
in response to receiving a user input, another UI for use in 
running the application on a second platform. 
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10. The method of claim 9, wherein the other UI is 
generated by retrieving other metadata from another UI 
taxonomy that maps to UI objects for the second platform, 
and merging that other metadata with the second metadata 
that defines the service. 

11. A computer program product tangibly embodied in an 
information carrier, the computer program product including 
instructions that, when executed, cause a processor to per 
form operations comprising: 

receiving a request to create a user interface (UI) for an 
application that is to use a service; 

retrieving first metadata from a UI taxonomy that is an 
abstraction of a class of UIs, the first metadata provid 
ing that the created UI is a member of the class; 

retrieving second metadata that defines the service; and 
creating the UI by merging the first and second metadata. 
12. A computer system comprising: 
executable instructions that constitute a service config 

ured for use by an application in the computer system; 
a user interface (UI) taxonomy that is an abstraction of a 

class of UIs; and 
a UI generation module configured to retrieve first meta 

data from the UI taxonomy and second metadata that 
defines the service, wherein the UI generation module 
generates a UI for the application by merging the first 
and second metadata. 

13. The computer system of claim 12, further comprising 
(1) an enterprise services UI layer, a UI platform layer and 
a virtualization layer, wherein the UI generation module 
retrieves the first and second metadata from the UI platform 
layer. 

14. The computer system of claim 12, wherein the service 
is comprised of a web service and a UI service. 

15. The computer system of claim 14, wherein the UI 
service defines a look-and-feel aspect of the web service. 

16. The computer system of claim 14, wherein the web 
service is provided from a backend layer, and wherein the 
computer system further comprises an intermediate platform 
that implements the UI service for use by the application in 
a composite applications layer. 

17. The computer system of claim 16, wherein several 
web services are provided from the backend layer, and 
wherein the intermediate platform includes an integration 
platform that implements the UI service for the several web 
services. 

18. The computer system of claim 12, further comprising 
a UI services creation component that, when the service does 
not expose the second metadata, creates the second metadata 
using the service, wherein the second metadata can be 
retrieved upon creation. 

19. The computer system of claim 12, wherein the UI 
taxonomy is configured Such that the class of UIs is con 
sistent with a UI layout and a UI principle included in the UI 
taxonomy. 

20. The computer system of claim 19, wherein the UI 
taxonomy is further configured such that the class of UIs is 
consistent also with a UI environment included in the UI 
taxonomy. 


